OBJECTIVEdThe current study aimed to investigate whether microalbuminuria or moderately decreased glomerular filtration rate (GFR) is a better predictor for the development and progression of retinopathy in type 2 diabetic patients.
D
iabetic retinopathy is a highly specific vascular complication and a sight-threatening problem related to diabetes. Diabetic retinopathy is characterized by gradually progressive alterations in the retinal microvasculature, leading to retinal nonperfusion, increased vascular permeability, and pathologically intraocular proliferation of retinal vessels. Both diabetic retinopathy and nephropathy are microvascular complications of diabetes. With the retina and glomerulus, diabetes-specific microvascular disease is characterized by similar pathophysiologic features. Chronic hyperglycemia is the central initiating factor for all types of diabetic microvascular disease. In exposure to high plasma glucose, hyperglycemic damage is limited to some cell types. Endothelial cells develop intracellular hyperglycemia, since they cannot downregulate glucose transport (1) . The common pathologic trait of diabetic microvascular disease is progressive narrowing and eventual occlusion of vascular lumina, subsequently leading to inadequate perfusion of the affected tissues. In the retina, diabetes induces programmed cell death of Muller and ganglion cells (2) and pericytes and endothelial cells (3) . In the glomerulus, urinary protein loss and renal function decline are associated with widespread capillary occlusion and podocyte loss.
Elevated urinary albumin excretion has been found to increase the risk of proliferative diabetic retinopathy (PDR) and is associated with a higher prevalence of PDR (4) (5) (6) (7) (8) . Diabetic retinopathy is present in virtually all type 1 diabetic patients with nephropathy, whereas only 50-60% of type 2 diabetic patients with nephropathy have retinopathy (5) . Accordingly, nephropathy and retinopathy are not concurrent in type 2 diabetes. Although the prevalence and risk factors for diabetic retinopathy in type 2 diabetes have been extensively investigated (6) (7) (8) , there are little data addressing the issue of whether microalbuminuria or moderate decline of estimated glomerular filtration rate (eGFR) (30-59.9 mL/min/1.73 m 2 ) is a competing risk factor for the development and progression of diabetic retinopathy. Therefore, the current study strived to investigate whether microalbuminuria or moderately decreased eGFR is a better predictor for the retinal outcome in a type 2 diabetic cohort.
RESEARCH DESIGN AND METHODSdApproximately 1,000 type 2 diabetic patients who were at least 18 years of age receiving regular follow-up at the outpatient clinics of Taipei Veterans General Hospital were invited to participate in this study. Patients with cardiovascular disease, malignancy, pregnancy, and acute intercurrent illness were excluded. Seven hundred and seventy-seven participants provided written informed consent and subsequently received examinations for serum creatinine, urine albumin excretion, blood pressure, fasting blood glucose, HbA 1c , serum cholesterol, triglyceride, and eye fundus photographs ( Supplementary Fig. 1 (11) . Macula-and disccentered views were taken at an angle of 458 with a fundus camera after pharmacological mydriasis. The fundus photographs were evaluated by trained graders, who were unaware of the medical conditions, on the basis of the photographic standards defined for the ACCORD Eye Study (10) . The ETDRS Severity Scale has 17 steps, ranging from no retinopathy in either eye (step 1) to high-risk proliferative retinopathy in both eyes (step 17). We combined the severity of retinopathy into four categories: absent (steps 1-3), mild to moderate nonproliferative diabetic retinopathy (NPDR) (steps 4-7), severe NPDR (steps 8-11), and advanced diabetic retinopathy (PDR, postlaser photocoagulation, or vitrectomy) (step 12 or above). Subjects with baseline advanced diabetic retinopathy were excluded from the analysis. 
Assays
HbA 1c was measured using high-performance liquid chromatography (HPLC) instruments (HLC-723 GHB IIIs; Tosoh, Tokyo, Japan) with a reference range of 4.2-5.8%. The interassay between-batch coefficient of variation (CV) was ,2.0% at A1C levels between 4.4 and 8.2%. Urinary albumin concentration was measured by rate nephelometry (IMMAGE Immunochemistry System; Beckman Coulter, Brea, CA). The interassay CV was 7.5% at urine albumin of 0.56 mg/dL and 2.0% at 3.19 mg/dL, respectively. Urinary creatinine was measured using a Hitachi 7600 automatic analyzer (Hitachi, Tokyo, Japan). The interassay CV was ,2.0% at creatinine of 2.0 mg/dL.
Study outcomes
The patients were followed up in our clinics until 31 December 2009. The primary outcomes were composite retinal outcome and progression of nephropathy (renal outcome). These subjects received repeated eye fundus photographs or were examined by ophthalmologists during follow-up. The composite retinal outcome was defined as an increase of at least three steps on the ETDRS Severity Scale or development of advanced diabetic retinopathy. Advanced diabetic retinopathy was defined as development of proliferative diabetic retinopathy, retinopathy treated with laser photocoagulation, or vitrectomy. Progressive loss of renal function (renal outcome) was defined as eGFR decrease $15 mL/min/1.73 m 2 and final eGFR ,60 mL/min/1.73 m 2 . The secondary outcomes were cardiovascular events and all-cause mortality. Cardiovascular events were defined as admission owing to angina, myocardial infarction, heart failure, acute coronary syndrome, and cerebrovascular accident. Two research physicians who did not know the eGFR and UACR of these patients verified all information. Subsequently, a medical expert in the field reviewed all events coded by the research physicians and verified that all coding rules had been applied correctly. When discrepancies between the medical expert and research physicians occurred, the expert's judgment was considered final.
Statistical analysis
Statistical analysis was performed using SPSS version 18.0 for Windows. The results were expressed as means 6 SD unless otherwise indicated. The continuous variables were analyzed by one-way ANOVA. The noncontinuous data were presented as percentages and analyzed by Pearson x 2 test. eGFR and UACR were expressed as median (interquartile range) and analyzed by nonparametric test. Hazard ratios (HRs) of incidence and 95% CIs were calculated by multivariable Cox regression models. In comparison between eGFR 30-59.9 and $60 mL/ min/1.73 m 2 (reference), the results were adjusted for age, sex, systolic blood pressure, BMI, HbA 1c , total cholesterol, triglyceride, duration of diabetes, history of hypertension, history of smoking, insulin use, ACE inhibitors or angiotensin II receptor blockers (ARBs), and UACR. In comparison between UACR 30-299.9 and ,30 mg/g (reference), the results were adjusted for age, sex, systolic blood pressure, BMI, HbA 1c , total cholesterol, triglyceride, duration of diabetes, history of hypertension, history of smoking, insulin use, ACE inhibitors or ARBs, and eGFR. For the comparison between patients of groups 2 and 3, the Cox model was adjusted for age, sex, systolic blood pressure, BMI, HbA 1c , total cholesterol, triglyceride, duration of diabetes, history of hypertension, history of smoking, and use of insulin, ACE inhibitors, or ARBs. A P value of ,0.05 was considered statistically significant.
RESULTSdThe clinical characteristics of 487 participants are summarized in Table 1 according to the eGFR and UACR at baseline. The enrolled subjects were 33-93 years old (mean age 68 years). Approximately 30% of the subjects were women. The mean duration of diabetes at enrollment was 9.4 years. Patients with moderate renal impairment and normoalbuminuria were older and had a lower proportion of receiving insulin therapy than those with microalbuminuria and eGFR $60 mL/ min/1.73 m 2 . During the follow-up of 6.6 6 1.2 years (median 7.6 years), 16.5% of the subjects noted the development or progression of diabetic retinopathy (composite retinal outcome), 5.4% of the subjects developed advanced diabetic retinopathy, 19.5% of subjects had progressive loss of renal function, 12.9% of subjects suffered from cardiovascular events, and 17.0% of subjects died. Kaplan-Meier analysis curves for end points of composite retinal outcome, renal outcome, cardiovascular events, and all-cause mortality (Fig. 1A-D) showed that patients with microalbuminuria (groups 3 and 4) were at a higher risk for development and progression of diabetic retinopathy than were those with normoalbuminuria (groups 1 and 2). Cox proportional hazards model was then used to examine the relative risks of retinal, renal outcome, cardiovascular events, and all-cause mortality in relation to microalbuminuria and moderate renal impairment, as seen in Tables 2 and 3 . The HR of composite retinal outcome (Table 2) showed significant difference between normoalbuminuria and microalbuminuria after multivariate adjustment (HR 4.18 [95% CI 1.85-9.42], P = 0.001) but no difference between eGFR $60 mL/min/1.73 m 2 and moderate renal impairment (0.73 [0.31-1.76], P = 0.487). The result was similar when the outcome changed to development of advanced diabetic retinopathy, even though this occurred little. As for the renal outcome, cardiovascular events, and all-cause mortality, the HRs were not statistically different between normoalbuminuria and microalbuminuria or between eGFR $60 mL/min/1.73 m 2 and moderate renal impairment. The HR of composite retinal outcome (Table 3) was significantly higher in group 3 subjects than that of group 2 subjects after adjustment for multiple confounders (3.34 [1.04-10.70], P = 0.043). Such statistical significance did not present when outcome was development of advanced diabetic retinopathy. There was a trend that group 3 subjects had a higher risk for development of advanced diabetic retinopathy, progressive loss of renal function, cardiovascular events, and all-cause mortality compared with group 2 subjects (Table 3 ), but statistical significance was not reached. When adding 92 individuals with eGFR ,30 mL/min/ 1.73 m 2 and albumin-to-creatinine ratio .300 mg/g Cr in the Cox proportional hazards model, the data were quite similar to the previous results and showed that microalbuminuria had greater risk in the progression of retinopathy than moderately reduced eGFR (data not shown).
CONCLUSIONSdThis is the first study, to our knowledge, to compare the effect of microalbuminuria and moderate renal dysfunction in diabetic retinopathy in type 2 diabetic patients. In the followup of 7.6 years, our data revealed that the risks for renal outcome, cardiovascular events, and all-cause mortality were not significantly different between the patients of groups 2 and 3. However, microalbuminuria Figure 1dContinued had a more predictive impact on the composite retinal outcome compared with patients with moderate renal impairment.
Intriguingly, our study showed that microalbuminuria significantly increases the risk for development and progression of diabetic retinopathy in type 2 diabetic patients even after adjustment for duration of diabetes, one of the most important predictors of diabetic retinopathy, and other comorbid conditions (12) . Diabetic retinopathy and nephropathy seem to progress in a parallel manner. This may be because diabetic retinopathy shares similar pathophysiologic features with diabetic nephropathy. The classic clinical course of nephropathy in type 1 diabetes is the development of microalbuminuria, followed by macroalbuminuria and then by loss of GFR (13) . In contrast, kidney disease in type 2 diabetes is more heterogeneous than that in type 1 diabetes. Albuminuria was absent in one-third of type 2 diabetic patients with chronic renal insufficiency according to the Third National Health and Nutrition Survey (14) . In these patients, normoalbuminuria may be due to using blockers of the reninangiotensin system or aggressive antihypertensive therapy (14, 15) . In fact, patients with diabetes are also susceptible to nondiabetic renal disease (NDRD) (16) (17) (18) . Since microalbuminuria is a pathophysiologic surrogate of the underlying diabetic nephropathy, a decrease in GFR with normoalbuminuria in such patients sometimes may be due to superimposed nondiabetic renal disease or accelerated aging of the kidney. Therefore, in the current study, there is a significantly increased risk of development and progression of diabetic retinopathy for subjects with microalbuminuria and presumably through its influence on alterations in the microvasculature of retina and kidneys.
Increased urinary albumin excretion and reduced GFR both have been demonstrated to be an independent risk for progressive kidney failure, cardiovascular events, and mortality in patients with chronic kidney disease (CKD) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) . These findings are also consistent in patients with diabetic nephropathy (23, 25, 26, 29) . Therefore, it is pivotal to combine eGFR and albuminuria for more precise assessment of the clinical outcomes. Recently, the American Diabetes Association recommended that in addition to level of eGFR, the presence of abnormal urine albumin excretion may be useful in the staging of diabetic nephropathy (30) . Previous data have shown the increased risks for renal and cardiovascular outcomes and mortality in patients with albuminuria and stage 1 or 2 CKD than in those with stage 3 CKD without proteinuria, although not all the studies have compared statistical significance (21, 23, 25, 27) . Our study compared the clinical outcomes among these two groups of patients directly. The results showed that patients with microalbuminuria and eGFR $60 mL/min/1.73 m 2 have a tendency to increased risks for progressive loss of renal function, cardiovascular events, and allcause mortality compared with those with moderate renal impairment and normoalbuminuria. Although statistical significance was not reached, the trend corroborates the previous findings.
Some limitations in the current study should be acknowledged. The overall sample size became rather small when we stratified these patients into four groups. The numbers of renal events were low because most subjects were in the early stage of diabetic nephropathy. For patients with early diabetic nephropathy, it may take more follow-up time for the events to occur. However, as our study had a longer observation period for the study end points, this may compensate for these two shortcomings. In summary, our data show that microalbuminuria is a more useful biomarker than moderately decreased eGFR in predicting retinal outcome of type 2 diabetic patients. Patients with microalbuminuria have a higher risk of the development and progression of diabetic retinopathy even when eGFR is still .60 mL/min/1.73 m 2 . Accordingly, we emphasize the importance of regular follow-up of UACR besides eGFR in type 2 diabetic patients, and changes in UACR and eGFR should also be identified during follow-up. Once microalbuminuria occurs, diabetic retinopathy should be more aggressively assessed in these patients even if eGFR is .60 mL/min/1.73 m 2 .
